have been reported to contribute to nonunion include advanced age, delay in treatment, anterior displacement > 4 mm, and posteriorly displaced fractures (22, 57) . Lennarson et al.(43) reported a case control series of patients with Type II odontoid fractures treated using halo vest immobilization. The risk of failure was 21 times greater in patients over the age of 50 years in this study. Other authors have reported increased morbidity and death secondary to cardiopulmonary compromise in elderly patients with odontoid fractures treated with halo vest immobilization (32, 60, 64) .
The complications of external immobilization in patients ≥ 50 years old suggest that surgical fixation should be considered as a treatment option for functional members of this patient group. Posterior cervical fusion had historically been the primary alternative for patients with odontoid fractures when external immobilization either failed or was considered inappropriate. Although it results in higher fusion rates, posterior arthrodesis of the C1-2 vertebrae eliminates all of the normal C1-2 rotary motion, which accounts for 50% of the total cervical rotary motion, and 10% of cervical flexion and extension (8, 15, 66) . Consequently, anterior odontoid screw fixation was developed as an alternative treatment option. This is an osteosynthetic technique and provides immediate stability, promotes healing, and may preserve the majority of the remaining C1-2 motion. Since its introduction in the early 1980s, this technique has gained wide acceptance through advances in instrumentation and fluoroscopic technique. (13) This approach offers several advantages, including decreased surgical soft-tissue trauma, lack of requirement for bone grafting, decreased risk of injury to the vertebral arteries, and preservation of C1-2 rotational motion. It requires less operative time and often can shorten hospital stay and convalescence. The utility of this method of treatment can be limited by nonreducible fractures due to fragment geometry or by body habitus such as a barrel-shaped chest, short neck, and cervical or thoracic kyphosis, which may prevent proper trajectory of the screw placement. Although not all patients are candidates for direct fixation because of anatomical limitations, multiple studies have demonstrated fusion rates of 80-100% using this treatment modality when it can be used (8, 12, 19, 25, 42, 51, 63) . We report our experience, including both medical and procedural complications, with direct anterior fixation of odontoid fractures in an exclusively elderly population.
This study is not a comparison of anterior versus posterior surgical approaches, as we offered odontoid screw fixation as the preferred surgical approach in most patients. Only in patients whose neck geometry precluded the low trajectory approach needed to place an odontoid screw, or in whom the bone quality was believed to be too poor for screw fixation, was C1-2 posterior instrumented fusion offered as the surgical option (see Discussion).
MeTHODS
After approval from the University of Utah Institutional Review Board, the senior author' s database of all cervical surgeries performed over a 15-year period (1991-2005) was queried to identify all patients who had an odontoid fracture treated using direct anterior fixation.
These patients were treated by 1 of 7 surgeons. Patients with suitable anatomy (see Discussion) were offered odontoid screw fixation or immobilization in a rigid cervical orthosis. If the patient was deemed an acceptable risk for surgery and the patient or family wished to proceed, fixation with either 1 or 2 screws was attempted. The operating surgeon determined how many screws to use. Some surgeons had a preference for the placement of 2 screws in all patients with suitable anatomy, while others used 1 screw if they believed it had sufficient purchase. Patients were monitored until stability was confirmed with either bridging of trabeculated bone across the fracture (bone fusion) or by lack of motion on flexion-extension radiographs despite the presence of a residual fracture line (stable fibrous union).
We reviewed all hospital and outpatient records to identify major and minor complications associated with anterior odontoid screw fixation. Procedure-related complications included nonunion, oropharyngeal difficulties such as dysphagia requiring feeding tube placements, and aspiration pneumonia. Nonprocedural complications included myocardial infarction, sepsis, deep vein thrombosis, and other morbidities that are frequently associated with surgery in the elderly population.
Statistical Analysis
A chi-square analysis was performed to evaluate whether there was a benefit to placement of 2 screws rather than a single screw. A probability value ≤ 0.05 was considered statistically significant.
ReSuLTS
Over a 15-year period (1991-2005), 57 patients over the age of 70 with Anderson and D'Alonzo3 Type II and shallow Type III odontoid fractures were treated by direct anterior screw fixation using the technique described by Apfelbaum (6) . Of these 57 patients, 42 underwent follow-up from 3 to 62 months (mean 15 months). The 30 women (53%) and 27 men (47%) ranged in age from 70 to 96 years, with a mean age of 81.2 years. There were 54 Type II (95%) and 3 shallow Type III (5%) odontoid fractures. Ground-level falls and vehicle-related accidents accounted for 36 (63%) of 57 and 11 (19%) of 57 fractures, respectively. The remaining fractures resulted from a fall from a height in 8 (14%) of 57 patients and unknown mechanisms in 2 (4%) of 57 patients. Associated cervical fractures included 11 C-1 fractures (19%), 1 additional C-2 fracture (2%), and 4 subaxial cervical spine fractures (7%). All patients were neurologically intact in regard to their odontoid fracture and its effect on upper cervical cord function.
One screw was used in 21 patients (37%), and the remaining 36 patients (63%) underwent placement of 2 screws. Clinical notes after surgery were available in 52 of 57 patients. Of these 52 patients, 3 were treated with halo vest immobilization and 33 were immobilized for at least 4 weeks in a collar. No cervical orthosis was used in the remaining patients.
Patient follow-up ranged from 0 to 62 months, with a mean duration of 14 months. A total of 7 (12%) of 57 patients were lost to follow-up after hospital discharge. Additionally, 5 (9%) of 57 patients died during the perioperative period (within 3 months) because of cardiopulmonary complications (4 of 5) or suspected gastrointestinal hemorrhage (1 of 5). Three patients (5%) had no follow-up after the initial postoperative visit at 1 month, and 1 of these patients later died of pulmonary complications.
A total of 42 patients had flexion-extension radiographs available at 3 months from which fusion status could be assessed. Radiographs revealed a stable bone union in 24 (57%) of 42 patients, a stable fibrous union in 10 (24%), and a nonunion in 8 (19%) . Overall, 81% of these patients were stable radiographically at their last followup visit. One patient with a nonunion required a longer screw after the original screw displaced inferiorly. Three (7%) of the 42 patients experienced early hardware failure with toggling of the screw through the anterior cortex of the C-2 vertebral body. Two of these 3 patients underwent successful reduction and posterior C1-2 fusion; the other patient needed an extensive posterior cervical fusion with instrumentation from the occiput to C-4 after failure of 2 anterior screws and difficulty gaining fixation into C-1 or C-2 at the revision posterior procedure. Chisquare analysis revealed that there was a significant benefit to the placement of 2 screws (p≤0.05). When patients with fusion and fibrous union were classified together as stable patients, 25 (96%) of 26 patients with 2 screws were stable, whereas 9 (56%) of 16 of those with 1 screw were stable (Table 1 ).
In the early postoperative period, 20 (35%) of 57 patients experienced dysphagia. Of these 20 patients, 6 had mild dysphagia that did not require treatment beyond dietary modification and 14 patients (25%) needed placement of a temporary feeding tube for a period ranging from 2 days to 4 months. There were also 11 (19%) of 57 patients with perioperative pneumonia. One patient had laryngeal spasm postoperatively that led to reintubation. Three patients (5%) suffered from perioperative myocardial infarctions.
DiSCuSSiOn
We routinely attempt to monitor patients who undergo odontoid screw fixation for 2 years or until solid bone fusion is observed. The elderly group included in this study presents a challenge in this regard because they may die or become disabled because of other causes and fail to be able to return for follow-up. Excluding the 12 patients who died or were lost to follow-up early, we were able to follow-up 100% of the remaining patients for 3 months, 88% for 6 months, 55% for 12 months, and 29% for 24 months. Fusion percentages increased progressively with the duration of follow-up. Seventy-six percent of patients with follow-up > 6 months demonstrated bone fusion and 16% had a fibrous union.
The long-term goal of this surgery is to stabilize the C1-2 region and prevent neurological injury. Fibrous union occurs initially and then progresses to bone fusion, often over a significant period of time. If adequate fibrous union does not occur, there will be increasing absorption of bone around the screws, resulting in failure of fixation and increased motion. In the absence of such changes involving the screws, if the patient' s neck remains stable on flexion-extension radiographs, we believe we have achieved the goals of surgery, and therefore, we consider this a good result. In our experience if we have a long enough follow-up period, fibrous union remains stable and gradually progresses in most patients to bone union, but this may take an extended period of time. If we consider only the patients in our series in whom we have follow-up data for a minimum of 6 months, the percentage of bone fusion was 76%, with an additional 16% showing fibrous union. This rate is higher than the overall figure stated for the entire series and reflects this progressive increase in bone fusion over time. In contradistinction, failure to achieve adequate stability is usually quickly manifested (4) by increased motion and fixation failure within a few weeks to months.
Optimal treatment for Type II odontoid fractures in elderly patients remains controversial because of the prevalence of increased comorbidities and decreased bone density associated with the elderly population. Although these patients were all neurologically intact, fractures of the odontoid always result in instability unless C-1 is fused to C-2 or odontoid integrity is restored. Therefore, the potential exists for catastrophic neurological compromise with any additional trauma, even minor trauma. Treatment to immobilize and ultimately stabilize the neck is indicated in most patients. The published "Guidelines for the Management of Acute Cervical Spine and Spinal Cord Injuries," an evidencebased review, proposed as a guideline that "Type II odontoid fractures in patients 50 years or older should be considered for surgical stabilization and fusion."5 Even in the absence of potentially catastrophic results from additional trauma, patients may also complain of neck pain, which can become chronic if neck stability is not achieved.
Although external fixation remains an option in the elderly population, the fusion rate between 7 and 75% is much lower than that in younger patients (9, 17, 32, 43, 44, 47) . In addition, immobilization with a halo vest in patients older than 65 years old has been associated with a mortality rate that is 4 times greater than that of patients younger than 65 years old,(48,64) with a high incidence of aspiration pneumonia and respiratory arrest. In reviewing a series of 78 patients with odontoid fractures over the age of 65, Tashjian et al. 64 found an inhospital mortality rate > 30% in patients immobilized in a halo vest and a 2-fold increase in pulmonary and cardiac complications. The high incidence of mortality using halo vest immobilization in elderly patients suggests that surgical stabilization is a reasonable treatment option in these patients.
Posterior C1-2 arthrodesis had been used when external immobilization failed or was an inappropriate treatment modality, and the addition of rigid fixation with transarticular screws has provided fusion rates > 95%, although with a substantial reduction in axial rotation. (11, 15, 18, 20, 27, 37, 61) The procedure is more extensive than odontoid screw fixation, carries increased risk, and requires the patients to remain hospitalized longer. As a result of these considerations, anterior fixation of the odontoid as described by Bohler13 and Nakanishi et al. 53 has become a popular choice for treatment of fractures that are noncomminuted and are readily realigned. The surgery is less traumatic, allowing patients to be mobilized rapidly postoperatively, and reduces morbidity and death associated with external immobilization alone (11, 12, 33, 64) . In a large meta-analysis of the literature, Julien et al. 39 reported an overall stability rate of 87% for odontoid screw fixation. Subach et al. (63) reported a series of younger patients (mean age 35 years) and found a fusion rate of 95% for single screw fixation. In the largest series published in the literature, Apfelbaum et al. (8) reported on 129 patients with recent odontoid fractures, in whom they achieved a bone union rate of 88%.
Our clinical practice is to evaluate patients with odontoid fractures using thin-sectioned CT scans and reconstructed images in the coronal and sagittal planes. The cancellous bone within the odontoid process is usually very weak, with the real strength of the odontoid achieved by the cortical shell. The apical cortex is the most dense area. For this reason, it is essential that odontoid fixation screws engage the cortex fully; to do so, a shallow trajectory from the low cervical area is necessary. The guide tube instrumentation we have developed (7, 8) facilitates performing this accurately, but the patient' s anatomy must allow this trajectory. Subaxial cervical spondylosis may result in a rigid neck in a straight or even kyphotic angulation that are contraindicative for this trajectory, and a large chest and short neck, alone or in combination with the above, may also limit access. Unless the patient can be positioned so that a straight tool alongside the neck achieves the desired pathway through C-2 and clears the chest, this procedure is not offered. This means at times Bone density for screw fixation is harder to evaluate. Because the lag screw compresses between the inferior cortex of C-2 and the apical odontoid cortex, the 2 strongest areas of C-2, these areas are examined critically on the CT scans to make decisions. Lack of good bone density elsewhere in C-2 is not usually a contraindication. However, additional fractures within the body of C-2 are usually a contraindication to anterior odontoid screw fixation.
Using these criteria, we have been able to use odontoid screw fixation in most of our elderly patients with an acute fracture. During the same time period as the odontoid screw cases we are reporting, we performed 219 C1-2 posterior fusions, of which 52 were in patients older than 70 years of age but only 6 of these were for acute odontoid fractures. We, therefore, could successfully place odontoid screws in 90% of the elderly patients we treated for acute odontoid fractures over this 15-year interval.
Other major selection factors are the patient' s functional status and the wishes of the patient and patient' s family. We do not recommend surgical treatment for elderly patients who have an extremely poor quality of life, such as an elderly patient with dementia living in a nursing home, unless the family insists. On the other hand, age alone is not the issue because many elderly patients have a good quality of life, perhaps living unassisted and at times even working. The severity of underlying medical conditions is evaluated as for similar surgery at any age.
The success of direct fixation in older patients has varied widely throughout the literature. Berlemann and Schwarzenbach(12) reported on 19 patients who had direct odontoid fixation and found that 84% attained solid fusion, with all patients attaining stability by either fibrous or bone union. Recently, Platzer et al. (55) showed a union rate of 88% in patients older than 65 years and documented normal range of motion in > 90% of the patients. We have shown an 81% overall union rate using an anterior approach in elderly patients, which is comparable to results reported in other series.1,26,36,55 However, not all series have confirmed high success rates; Anderson et al. 4 report a success rate of < 30% in their series. As a result, many surgeons advocate a C1-2 posterior fixation for elderly patients with odontoid fractures, (11, 27, 47) and fusion rates > 95% using this approach in older patients have been reported. As in the overall patient population, posterior approaches carry additional risks, including risks of injury to the vertebral artery, and the cardiac and pulmonary complications of prone positioning in the elderly patient must be considered if posterior fixation is attempted.
One reason for the disparity in fusion rates reported in the literature may be the use of a 1-screw or 2-screw technique in the elderly population. Many authors have advocated multiple-screw fixation, which would prevent an axis of rotation around a single screw and theoretically would also increase construct strength (1, 13, 24, 29) . No significant improvement in load-bearing capacity or flexionextension and rotational stiffness has been demonstrated with the addition of a second screw in a cadaveric model;(58) however, these biomechanical studies have not addressed the density of the specimen, and thus, relevance to the elderly population with osteopenic bone remains questionable. Also, loss of construct strength with repetitive motion was not evaluated. In addition, CT evaluation of the upper cervical spine in patients with odontoid fractures has revealed a higher incidence of atlantoodontoid arthritis and ankylosis than in an age-matched cohort, suggesting that these patients are prone to higher stresses across the base of the dens. 41 Clinically, similar fusion rates have been described when a single screw has been used for Type II odontoid fractures (16, 24, 31, 38, 42, 61, 63) . However, Platzer et al.55 achieved high success rates using 2 screws, and we noted a significantly higher success rate (p ≤ 0.05) in our patients undergoing instrumentation with 2 screws (96 vs 56%). The validity of this conclusion can be questioned, because the patients were not randomized, and those receiving 2 screws may have had a broader dens over which to fuse. Nevertheless, it is logical that the addition of another screw adds rotational stability in the osteopenic bone of the elderly, which should increase the chance of fusion. These patients whose weakened bone fractured in a low impact injury are different than younger patients whose bone is stronger, requiring much greater force to fracture. In younger patients, the interlocking of the more dense bone edges at the fracture site may result in more stabilization, so that 1 screw is adequate. This may explain why studies with a larger number of younger patients may not show a benefit in placing 2 screws.
We encountered a relatively high incidence of postoperative dysphagia in our patient group, with 35% of the patients needing diet modification or a nasogastric tube after surgery. Given the mean age in our patient group (81.2 years), it suggests the vulnerability of the elderly population to anterior cervical surgery. The authors of multiple studies evaluating dysphagia in the elderly after anterior cervical spine surgery have suggested that the elderly patient' s esophagus becomes fibrotic and thus, less tolerant to retraction, compared with the normal histology observed in younger patients. In fact, progressive dysphagia is a natural sequelae of senescence (59) . Rates of dysphagia after anterior cervical surgery may be as high as 60% immediately after surgery and persist in up to 21% of patients at 6 months (10, 56, 62, 67, 68) . In addition, rates of dysphagia may be underreported in up to 80% of patients (23) .
The consequences of dysphagia are greater than a need for a nasogastric or gastrotomy tube because aspiration pneumonia may develop in patients with an aberrant swallowing mechanism (49) . The incidence of pneumonia increases with aging, with an almost 6-fold higher incidence in those 75 years old or older compared with those younger than 60 years old (40, 45) . In our series, 11% of patients had postoperative aspiration pneumonia that required either antibiotic treatment, readmission to the intensive care unit, or, in 2 cases, prolonged intubation. The natural tendency toward swallowing disorders that occurs with senescence may be further compounded by the potential for injury of the superior laryngeal nerve, the internal branch of which provides sensory innervation to the mucosa of the larynx. The nerve leaves the vagus in the carotid sheath and courses medially in close proximity to the superior laryngeal artery to pierce the thyrohyoid membrane at approximately the C3-4 level (50) . Damage can result from excessive traction, accidental ligation, or postoperative swelling (46) and further increase the risk of aspiration pneumonia through impairment of laryngeal sensation and the cough reflex. Avoidance of dysphagia may be minimized by familiarity with the anatomy and avoidance of aggressive retraction, but elderly patients, especially those who have undergone previous cervical surgery, need to be counseled regarding the risks of dysphagia when treating odontoid fractures.
COnCLuSiOnS
Type II odontoid fractures represent a significant percentage of cervical injuries in the elderly population. Optimal treatment in this group of patients remains controversial. We report an overall 81% rate of stable union using anterior odontoid screw fixation for these types of fractures. The use of 2 screws when possible increased the success rate from 56 to 96%. The high incidence of clinically significant dysphagia and, to a lesser extent, aspiration pneumonia postoperatively serves as a cautionary note and highlights the susceptibility of the elderly population to dysphagia-related complications of anterior cervical surgery. Knowledge of this concern can be factored into surgical decision-making, and proper patient counseling can help prepare the elderly patient for possible risks. These issues must be weighed against the loss of function and morbidity associated with posterior arthrodesis, which can be avoided with direct anterior screw fixation. We believe that anterior odontoid screw fixation is an effective alternative to posterior arthrodesis for Type II and shallow Type III odontoid fractures in selected elderly patients. As with any surgical procedure in the elderly, the risks of complications and death are increased and need to be evaluated on a case-by-case basis.
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